Radiographic instability seemingly enjoys the status of a well-defined clinicaI syndrome. The concept is widely used, and specific treatments, usually spinal fusion, are routinely performed based on the diagnosis. The minimum standards necessary to establish radiugraphic instability as a legitimate clinical syndrume have not been established, however. The primary purpose of this study was to determine if treatment invoking bracing, exercise, and education controlling either flexion or extension postures, would result in a distinctive pattern of favorable or unfavorable results, depending on the type of radiographic instability (retrodisplacement or spondylo isthesis). Fifty-six patients meeting strict study inclusion and radiugraphic evaluation criteria were assigned to a bracing treatment (flexion, extensiun, placebo-control) accurding to a randomization scheme, designed to ensure equal representation of translation categuries (retro, normal, spondy) across treatment groups, and assessed at admission and 1-month follow-up. The sample was relatively evenly divided between men (46%) and women (54%), and by age. Translation classification was related to both oth gender and age, with men more likely classified as retro and women more likely spondy, and patients in their 20's having lower incidence of spundy and higher incidence of normal translation. Translation classification was not related to selected indices of low-back pain history. Brace treatments were not shown to reduce patient range of motion or lessen trunk strength. A significant treatment by time interaction fur the modified pain interference (VAS) scale indicated improvement for patients in extensioncompared ompared with patients in flexion and control-placebo treatments. In conjunction with no significant three-way interaction be
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The precise diagnosis is unknown in 80-90% of patients presenting with disabling low-back pain. In a population study, Valkenburg and H a a n e n screened more than 6,000 men and women and were able to document objective evidence of disc prolapse or lumbago in fewer than 10% of their sample. In a general practice study, Dillane et al5 found that 79% of men and 89% of women presenting with a first episode of low-back pain were classified as having low-back pain of unknown origin. Nachemson et a 1 have estimated that only 15% of chronic low-back pain cases have some demonstrated patho-anatomic explanation.
Research studying the efficacy of various therapies for patients experiencing low-back pain has suffered from the lack of an accepted classification system for low-back pain. Thus, modalities that may be efficacious for a select subset of patients suffering from a specific but undetected pathology causing their low-back pain fail to demonstrate that efficacy when applied to populations of "idiopathic" low-back pain patients with heterogeneous pathologies.
Instability of the lumbar spine is a condition that has been described since the advent of lumbar surgery but still lacks sufficient scientific definition to be included in many epidemiology studies. Lumbar fusions have been and continue to be performed because of this radiographic abnormality when accompanied by chronic pain, despite the fact that there is no universally accepted definition of instability. Even when surgery is not indicated, the diagnosis of instability may effect disability awards. Therefore, establishing an objective definition of instability may be essential to conducting meaningful epidemiologic studies and clinical trials as well as to the monitoring of clinical practice related to low-back pain.
Biomechanically, the definition of instability depends on the determination of abnormal motion to applied loads.30 Because there are three axes of rotation and three planes of translation for movement to occur, there is potential for several types of instability or observable excessive motions. Historically, interest and clinical treatment has focused on excessive translation in the sagittal plane.
There are no conclusive clinical data to support a cause-and-effect relationship between a radiographic finding of excessive translation in the sagittal plane (instability) and a low-back pain syndrome. Other than radiographic evidence, no set of objective clinical criteria are available to corroborate a diagnosis of radiographic instability. Given the recent evidence suggesting the potential for misclassifying radiographic translations in the sagittal plane,34 it seems especially important to develop corroborative clinical evidence associated with radiographic instability.
The necessary conditions for establishing a low-back pain syndrome have been well documented10,44:
1 .
2.
3 .
The incidence of the abnormality should be higher in a patient population than in a normal population. A reproducible pattern of historical or physical examination findings should characterize the lowback pain syndrome. Stimuli specifically designed to exacerbate the condition should result in aggravation of symptoms or treatment specifically designed to aid the condition should result in alleviation of or palliation of symptoms.
l Materials and Methods
Regarding the incidence of the radiographic abnormality, Knutsson17 described excessive displacement in 34% (48/140) of his clinical sample, and an additional 8% (11/140) were classified as spondylolytic spondylolisthesis. Morgan and King25 classified 29% (143/500) of patients with chronic low-back pain as having instability, with 10% (50/500) having spondylolisthesis. Schmorl and Junghanns,3 2 in cadaver studies, determined the incidence of retrodisplacement as 1.5% (9/600) and degenerative spondylolisthesis as 2.3% ( 14/600).32 Roentgenograms of these specimens were not assessed in flexion and extension, however. Friberg and Hirsch' placed cadaver spines in flexion and extension and determined that 15% (15/100) of the specimens demonstrated roentgenographic instability. In their clinical cases, however, the incidence of instability was 27% (578/2104). Thus, this body of evidence suggests that the incidence of radiographic abnormality is greater in a low-back pain population relative to asymptomatic or general populations.
There are reports in the literature suggesting there are clinical signs corroborating the radiographic finding of excessive translations.2,20,25 A reproducible pattern of pain or symptom aggravation or relief in response to mechanical maneuvers or general activities of daily living has not been established, however. Work attempting to establish such links is underway but is not the focus of this report.
There are several reports of patients who have undergone lumbar fusion in response to radiographic findings of instability with favorable outcome.4,9,14,22,25 These results were from uncontrolled clinical trials, however, and thus provide limited validity for the hypothesis that instability represents a clinical syndrome. Because fusion is seen by many as the obvious and perhaps best treatment for instability because it surgically addresses the inherent abnormality, a prospective controlled clinical trial might be considered an excellent approach for establishing instability as a clinical syndrome. Given the nature of open surgery, however, application of fusion to necessary control groups, such as low-back pain patients without radiographic signs, is difficult.
The primary purpose of this study was to determine if a nonoperative treatment, involving bracing, exercise, and education controlling either flexion or extension postures, would result in a distinctive pattern of favorable or unfavorable results, depending on the type of sagittal translation abnormality. Specifically, it was hypothesized that patients with retrodisplacement (retrolisthesis), spondylolisthesis, and "normal" translation would respond differentially to treatments associated with flexion and extension posture. A secondary goal was to establish more objective criteria for prescribing braces for low-back pain patients.
Materials.
A series of forms were developed to evaluate the patient at admission and at l-month follow-up. Specifically, forms were developed that detailed the patient's general demographics and medical history; low-back pain history; radiographic evaluation summary; a physical examination,35 including nonorganic signs42; and measures of trunk strength and range of motion.
The general demographics, medical history, and physical examination at initial presentation were used to establish general admission criteria to the study. The low-back pain history and evaluation of patient trunk strength and range of motion provided the outcome criteria for the study. Trunk strength and spine range of motion were evaluated using standard protocols. l9
The primary outcome measure was a self-report version of the pain interference scale developed by Million et al24 and often referred to in the literature as the "Visual Analog Scale" (VAS). This scale was developed as an outcome measure for use in clinical trial studies and, in fact, was used initially to evaluate the efficacy of a corset treatment. The content of the 15 items was retained with slight modification and the instructions were modified to allow the scale to be completed by the patient. Each of the scales were made into lo-point visual analog scale. After completion, some items were reverse scaled so that high scores reflected greater wellness. The composite or total score was computed as the average of the 15 visual analog scale items. Thus, a patient's score could range from interference, 1 to 10, wi th larger or greater wellness.
scores indicating less pain
The original pain interference VAS was computed by "standardizing" each item as a z-score (mean, 0, and standard deviation, 1) and then summing these 15 z-scores to obtain a composite. Although the rationale for this procedure was presented in the functioning relative to the specific group measured. In other original words, a patient's VAS score reflected a relative position in the report, the benefits associated with allowing each item in the scale to contribute equally to the total was not seen as sufficient to outweigh the costs. Specifically, this approach forces the given study group to be its own norm group because a patient's score simply reflects individual group without consideration of the overall impairment status of that group. This approach makes it very difficult to use the VAS to compare results across studies. In addition, longitudinal assessments using this measure provide evidence about a patient's relative improvement or worsening compared with the with no notion of a patient's absolute improvement or worsening. As an example, consider a group of 10 patients assessed with the VAS at admission and at l-month follow-up. Suppose that nine of the patient showed marked improvement and one patient stayed the same. The traditional VAS score for the patient who did not improve would be lower at follow-up, which might be interpreted as a sign of worsening. In other circumstances, a lower VAS score at follow-up could occur even if the patient showed improvement, but of a lessor magnitude than the cohort or a higher VAS score at follow-up could occur if a patient worsened, but less so than others in the cohort.
Radiographic Criteria. A frame designed to maximize flexion and extension postures while simultaneously avoiding obliquity from a true lateral projection was used to standardize the radiographic procedures used to obtain flexion and extension films for each patient. Two raters measured each flexion and extension film for relative translation in the sagittal plane at the L3-L4, L4-L5, and L5-S1 l e v e l s u s i n g t h e L e h m a n n method,18 described in detail by Shaffer et al.34 There are two commonly used methods for classifying radiographic instability, the maximum translation18 and the excursion approaches.1,13,38 Stokes and Frymoyer37 were unable to detect large amounts of anteroposterior excursion with biplanar radiographic techniques, nor able to correlate excursion with clinical symptoms and signs. Pearcy and Shepherd29 also was unable to detect large amounts of excursion in patients with spondylolisthesis. In pilot testing leading to this study, relative angular motion at each motion segment (Hanley method12) and excessive excursion (difference between anteroposterior translation measurements) did not correlate with clinical symptoms. When instability was defined as maximum displacement away from absolute vertical alignment on the flexion and extension films (i.e., either posterior [retrodisplacement] or anterior [spondylolisthesis]), interesting clinical features were observed. Specifically, retrodisplacement occurred more often in young men involved with lifting compared with spondylolisthesis, which occurred more often in older women, less involved with heavy lifting. Additionally, certain items, such as "leg pain with twisting", were associated with spondylolisthesis. As a result of these findings, the maximum translation approach was adopted to classify patient instability. This definition is consistent with surgical practices in which patients generally receive lumbar fusion for the presence of spondylolisthesis rather than excessive mobility of a motion segment. In addition, the original works describing "instability" by Knutsson, l7 Morgan and King,25 and Friberg and Hirsch' used a qualitative definition considering the relative alignment of the adjacent vertebral bodies ("retroposition", ' 'pseudospondylolisthesis") rather than a quantitative definition related to excursion or hypermobility.
The rules for classifying translations as retrodisplacement (retrolisthesis), normal, or spondylolisthesis at each level are summarized below:
Classification Rules for Maximum Sagittal Translation (Not Excursion)
Level Retro Normal Spondy L3-L4 5 -4 mm -2 mm-2 mm 2 3.5 mm L4-L5 5 -4 mm -2 mm-2 mm 2 3.5 mm L5-Sl 5 -6 mm -2 mm-2 mm 2 3.5 mm Valid translation categorization required both raters to agree in their classification. Thus, if one rater classified a patient at normal and the other rater classified the patient as outside the normal range, then classification at that level for that view was coded as ambiguous, and patient inclusion and overall classification became dependent on classifications at other levels or from the other view of that level. In addition, if a translation was outside the normal range, but not in the retro or spondy range (e.g., 2.5 mm of translation), that classification was coded as ambiguous. Although these rules were considered quite strict, it was decided that such strictness was necessary to minimize the chances of erroneous patient classification. More recent work in the laboratory has demonstrated that a more conservative cut point may be necessary (i.e., displacement greater than 6 mm), especially when films of inferior quality must be interpreted. 3 4 The current study, however, was designed and implemented before the availability of this more recent work. Inevitably, some misclassification will occur, no matter how conservative the cut points are made. Pilot work indicated that by eliminating those patients with displacements in the ambiguous zones, and by requiring two independent raters to classify each patient the same, misclassifications would be minimized. Overall, a patient rated as normal at all three levels was classified as "normal"; patients rated as retro at one or more levels, with no spondy ratings, were classified as retro; and patients rated as spondy at one or more levels were rated as spondy. Additionally information was coded for patients classified as having instability. For those classified as retro, additional information was included that indicated if the retro classification was based on an extension (RE) or a flexion (RF) posture. For those classified as spondy, additional information was included that indicated if the spondy was degenerative (SD) or isthmic (SI).
